Selective Adsorption and Separation of (−)-Epigallocatechin Gallate (EGCG) based on Silica Gel Surface Molecularly Imprinted Polymers  by Zhang, Haihui et al.
 IERI Procedia  5 ( 2013 )  339 – 343 
Available online at www.sciencedirect.com
2212-6678 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer review under responsibility of Information Engineering Research Institute
doi: 10.1016/j.ieri.2013.11.113 
ScienceDirect
2013 International Conference on Agricultural and Natural Resources Engineering 
Selective Adsorption and Separation of ( )-Epigallocatechin 
Gallate (EGCG) Based on Silica Gel Surface Molecularly 
Imprinted Polymers 
Haihui Zhanga, Feifei Xua, Yuqing Duana*, Xiaoping Luoa, Can Zhanga, Yongsheng 
Yanb, Guibo Sunc, Xiaobo Sunc 
a School of Food and Biological Engineering, Jiangsu University, No.301, Xuefu Road, Zhenjiang 212013, China 
b School of Chemistry  Chemical Engineering, Jiangsu University, No.301, Xuefu Road, Zhenjiang 212013, China 
c Institute of Medicinal Plants, Chinese Academy of Medical Sciences No.151, Malianwa Bei Road, Beijing 100193, China 
 
Abstract 
To separate and enrich EGCG from a mixture of tea catechins, the molecular imprinted polymers (MIPs) were synthesized 
on silica gel by surface molecular imprinting technique and characterized with Fourier transform infrared spectroscopy 
(FT-IR), elemental analysis and scanning electronic microscopy (SEM). MIPs exhibited favorable recognition, better 
selectivity for EGCG than the other monomers, and the descending order was EGCG, (+)-catechin (C), ( )-epicatechin 
(EC), ( )-epigallocatechin (EGC), ( )-catechin gallate (CG) and ( )-gallocatechin gallate (GCG). These results 
demonstrated that MIPs could realize the separation and enrichment of EGCG in real sample. 
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1. Introduction 
Catechin occurs widely in many plant-derived food products particularly abundant in green tea (Camellia 
sinensis) [1]. Tea catechins mainly contain C, CG, EC, EGC, GCG, EGCG, ( )-gallocatechin (GC) and 
( )-epicatechin gallate (ECG) [2], of which the content of EGCG accounts for as much as 65% of the total 
catechins [1]. It has been proved that EGCG plays an important role in, anti-oxidation [3], and against the 
damage to skin from ultraviolet radiation [4], etc. Methods to separate and enrich EGCG usually demand much 
solvent and/or time to obtain the monomer of catechins with high purity, so further study is still required. In 
the present study, we prepared a surface molecularly imprinted polymer (MIP) for EGCG and characterized its 
performance.  
2. Materials and Methods  
Materials: Silica gel (80-120 mesh); EDMA, Ethylene glycol dimethacrylate (EDMA), methacrylic acid 
(MAA), -aminopropylt-riethoxysilane (APTES), trethylamine and azobisisobutyronitrile (AIBN). Standards: 
EGCG, EGC, ECG, C, EC and GCG. 
The synthesis of alkylated silica gel and the preparation of MIPs were carried out according to the method 
of Xu et al. [5]. Each molecularly imprinted solid phase extraction (MISPE) experiment was replicated three 
times, and the analyte recovery was calculated as the average of the single value measured.  
Characterization: The polymers were characterized by FT-IR, elemental analysis, SEM and MISPE. 
3. Results and Discussion 
3.1. FT-IR spectrum of MIPs 
FT-IR spectrum of activated silica gel is presented in Fig.1 A. The absorption peak 3433.17cm-1 caused by 
Si-OH stretching vibration. 1101.49 cm-1 is the peak of Si-O skeleton. Comparing with activated silica gel, a 
new absorption peak appears at 2936.65 cm-1, which may be due to the stretching vibration of –CH2 group. 
This indicates that APTES has reacted with silica gel, that is to say, alkylated silica gel has successfully 
obtained. In MIPs, the presence of a new absorption peak at 1731.34 cm-1 generated from C=O stretching 
vibration. This results in cross linkage polymerization reaction of EDMA and functional monomer MAA. In 
addition, the wide increase in absorption peaks from 2936.65 cm-1 to 2962.68 cm-1 may have resulted from 
-CH3 group of EDMA and MAA. 
3.2. Morphology of MIPs 
MIPs morphology was observed by SEM and presented in Fig.1. Silica-gel surface is smooth and flat prior 
to the alkylated reaction, but it becomes rough when it is modified by APTES (Fig.1 B, C). MIPs seem much 
rougher than the former two, and there are loose network structures with pores after washed off the template 
(Fig.1 D).  
3.3. Elemental analysis 
The results of elemental analysis indicated that the process of alkylation had successfully introduced N to 
the surface of silica gel, which was the reason why N (1.5%) appeared, while the original was 0. The content 
of C (4.83%) and H (1.38) increased from 0.03% and 0.69%, respectively. In the molecularly imprinted 
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process, the content of C (13.20) and H (2.97%) significantly improved because of the reaction of MAA and 
EDMA and the polymers formed was wrapped up the silica gel. In the case where the molecularly imprinted 
process did not introduce N, the amount of N remained around 1.11%. Similar trend was observed for the 
FT-IR analysis. 
 
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
     
Fig.1 FT-IR spectrum and surface morphologies of silica gel, alkylated silica gel and MIPs. A. FT-IR spectra of silica gel, alkylated silica 
gel and MIPs; B. Surface morphologies of silica gel; Alkylated silica gel (C) and MIPs (D). 
3.4. Selective adsorption experiment 
After washed by methanol/water (v/v=1:9), the analogues (EGC, C, EC, GCG, ECG) leaked out/leached 
down because of the poor binding capacity in the MIPs column (Fig.2 B, C), resulting in a large amount of 
unused EGCG was effectively concentrated (Fig.2 D). EGCG recovery in MIPs column was 103.2%, much 
higher than that of NIPs column (67.1%), implying the desorption ability of MIPs column was much better 
than that of the others (Fig.2 D, E). 
To evaluate the selective adsorption of MIPs, three formulas were introduced as follows [6]: 
Kd = Qe/Ce                                     (1) 
B
DC 
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Qe: Equilibrium binding quantity; Ce: Equilibrium concentration; Kd: Distribution coefficient.  
k= Kd EGCG /Kd analogues                              (2) 
k: Selectivity coefficient. 
k´= k MIPs/k NIPs                                (3) 
k´: Relative selectivity coefficient. 
  
 
 
 
 
 
 
 
 
 
 
 
Fig.2. HPLC of EGCG on the column packed with MIPs. A. Tea polyphenols solution before loading; B. Washing solution of 
methanol/water (v/v=1:9) from MIPs column; C. Washing solution of methanol/water (v/v=1:9) from non-molecularly imprinted 
polymers  (NIPs) column; D. Methanol- acetic acid (v/v=7:3) eluent from MIPs column; E. Methanol/acetic acid (v/v=7:3) eluent from 
NIPs column. [Zorbax 300 SB-C18 column: 5 m particle size, 250 mm×4.6 mm ID; Column temperature: 30°C; Mobile phase: 
methanol/water/acetic acid (v/v/v= 24.5:75:0.5,); Flow rate: 0.6ml/min; Wavelength: 272 nm Sample injection: 10 L] 
Table 1. Calibration data and competitive loading of EGCG and analogues by MIPs and NIPs  
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4. Conclusions 
In the present work, the MIPs exhibited excellent selectivity and recognition properties for EGCG in 
aqueous media. These findings demonstrated the possibility of direct extraction of EGCG from mixture 
matrix (complex components) by MIP technology. 
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Polymer and calibration EGCG EGC C EC GCG ECG 
Regression equation y = 211.49x - 
16.77 
y = 3.5713x - 
5.0238 
y = 6.9306x - 
0.8381 
y = 141.12x - 
5.4857 
y = 162.79x - 
43.052 
y = 210.13x - 
38.167 
Correlation r 0.9996 r 0.9996 r 0.9998 r 0.9993 r 0.9994 r = 0.9997 
Linear range( μg/ml) 0 400 0 400 0 400 0 400 0 400 0 400 
MIPs adsorption 
capacity (mg/g) 0.55 0.16 0.03 0.11 0.21 0.17 
NIPs adsorption 
capacity (mg/g) 0.32 0.25 0.08 0.20 0.33 0.21 
a Kd MIP 22.85 1.11 0.17 0.65 1.91 1.16 
a Kd NIP 3.36 2.14 0.48 1.47 3.57 1.53 
b kMIP  20.59 134.41 35.15 11.96 19.70 
b kNIP  1.57 7.00 2.29 0.94 2.20 
c k´  13.11 19.20 15.35 12.72 8.95 
